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ATTACHED-SUNSPACE DESIGNS:
A NATIONWIDE ECONOMIC APPRAISAL

F. Roach C. Kirschner
Los Alamos National Lahoratory University of New Mexico
Los Alamos, New Mexico 87545 Albuquerque, New Mexico 87131,
U.S.A. U.S.A.
ABSTRACT

Performance estimates for attached-sunspace passive solar hezced residences
have recently been incorporated into the Los Alamos/UNM EASE III model. These esti-
mates are used to anaiyze the economic performance of a fixed dimension sunspace
design when attached to a pre-existing single family residential unit. The sun-
space is a passive design which can be easily and effectively adapted to a re-
trofit situation. Several kcy parameters are carefully evaluated for the sun-
space retrofit design. These include loan or mortgage terms, ownership period,
resale potential and competing conventional fuel prices. General economic and
design parameters are combined in a variant of life cycle costing .o evaluate
the feasibility of both owner-built and contractor-Luilt attached sunspaces for
220 regions in the contiguous United States. This evaluation is made for two
conventional fuel types--natural gas and electric resistance--ind for three
resale values--0%, 100%, and 200%, Results show that the prospect for conven-
tional fuel displacement through retrofit of attached sunspaces is very good
with the design's economic performance enhanced in regions with expensive conven-
tional fuel alternatives.

1. INTR0DUCTION

Sunspace designs, in general, offer very high potential for pacsive solar
retrofit. This becomes important when it is realized that 70% to 80% of the
homes which will exist in the year 2000 will be of pre-1980 vintage. The poten-
tial for home space heating fuel reduction through the use of passive solar
designs {s greater for these older homes than it will be for post-1980 homes.*
The reasons for concentrating on older homes are three-fold. The Tirst is the
fact that these homes will out number post-1980 homes for the foreseeable future.
The second reason {s that because older homes have larger space heating fuel
requirements than new homes of comparable size, there {s more potential for fue)
displacement. The third reason is the lower furnace efficiency associated wich
older homes. This {s true for homes using natural gas, heating oil, some types
of electric heating and heat pumps. The heating oil analysis is presented ¢lse-
wnere [1] due to space limitations and the more prevalent use of both naturil
gas and electricity on a nationwide basis. New home natural gas furnaces have,
on the average, an efficiency of about 75%. The natural gas analysis presented
here assumes a 55% furnace efficiency; this figure is believed to approximate

w
That is not to say that post-1980 homes shouldn't be considered for passive
solar retrofits in the ensuing years.



the average situation. The electricity fue: alternative here assumes electric
resistance space heating at 100% efficiency. These reasons support concentra-
vion on the retrofit market.

The Los Alamos/UNM EASE III code [2] is used to evaluate the economic perfor-
mance of a sunspace design. Performance estimates for eight sunspace configurations
based on two distinct geometries are now included in the model. The performance
estimates have been developed by the Solar Energy Group (Q-11) at LASL [3]. The
sunspace configuration evaluated here is a fixed dimension unit of the lean-to
variety. It has insulated end-walls and includes an owner operated night insul-
ation option. The sunspace is assumed to be retrofitted to the south wall of
a pre-existing single family residence.

The EASE IIl code uses performance estimates for 220 regions in the con-
tiguous United States, thermal integrity characteristics, and residence design
parameters to calculate the solar savings fraction associated with the fixed
dimension sunspace under consideration. Region specific design and conventionel
energy costs are used as the basis for the economic evaluation reported here.
Only the natural gas and electric resistance space lieating alternatives are
examined in this analysis. Other fuel comparisons can be found in [1].

Economic feasibility or competitiveness can be defined in many ways. The
discounted solar savings or net present value is one measure of the feasibility
of a passive solar design. This measure defines the benefits to the investor
for switching from a conventional residential heating system to a sunspace heat-
ing system with a conventional back-up. All one time and recurring costs and
benefits over the period of analysis are taken into account in this type of life
cycle costing. The nonquantifiable benefits are only indirectly taken account
of through the resale value variable (discussed in the fcllowing section).

Two design costs are evaluated here; one of which corresponds to an owner-
built dezign, the other corresponds to a contractor-built unit. The difference
between the two is in the estimated cost of labor; no labor cost 1s incurred in
the owner-built unit. Standard sizes and types of construction materials are
assumed.

Results are presented in hoth mapped and tabular form. Maps showing the
220 regions are included to highlight the types of relationships found in this
retrofit sunspace eviluation. The regions are defined as distinct multicounty
units with climatic conditions similar to the 220 SOLMEY locations (4] used in
the solar performance analysis [5]. They are an exhaustive description of the
48 contiguous states, and the District of Columbia. Tablas displaying the full
results for all scenarios are included in the Appendix. The results serve to
emphasize the importance of the resale value parameter. Very few regions have
positive net present values for eitner the owner-huilt or contractor-built sun-
space against natural gas when a 0% resale value is assumed. The picture is
only marginally improved when the comparison is made for the electric resistance
alternative. The introduction of 100% and 200% resale values greatly improves
the outcome of the analysis under either fuel type. Using the assumption of
100% resale, mapped results are presented to show the extent to whicn cont-actor-
built sunspace fares less well than the owner-built design. It can also be said
that recions which have relatively inexpensive conventional fuels are difficult
areas for either the centractor-built or owner-built option to compete. These
results are examined ir detail in Section 4,



2. NON-ECONOMIC BENEFITS

The economic evaluetion of a sunspace design involves an added dimension
when compared to evaluation of a direct gain or thermal mass wall (e.g., Trombe
wail) design [5]. The question of non- quantifiable benefits is of greater con-
cern. The 1ife cycle costing approach normally employed in such analysis can
only be made to include these benefits with some difficulty. The quantitative
analysis presented in this paper only partially addresses these concerns. The
impact of these benefits on the economic results presented is an important
{ssue. The retrofit analysis undertaken here necessitates a rethinking of the
definition of certain key financial parameters generally used in solar economic
assessment. For a complete discussion of past assessments and the under1y1ng :
parameter assumptions see [5].

The method of financing the solar investment differs from that used for
new home purchase when retrofit is being considered. Ignoring the case where
the builder/home owner pays cash for his attached sunspace, there are two methods
generally available--a home improven..nt loan or a second mortgage. The former
usually involves a short repayment period (5-10 years) with actual terms vary- .
ing from region to region. Second mortgage terms are somewhat more consistent
across & broad geographic area with the repayment period being longer than that
for a home improvement loan. Interest rates tend to be lower for a second
mortgage than for a home improvement loan. A second mortjage {is used as the
method of financing in the analysis reported here The values of the appropri-
ate parameters are detailed in Sectfon 3.

Another key psrameter with a major impact on the outcome of the analysis
is the assumed resale value. The value given this variable hinges on market
and non-market concerns. As the resale value of the sunspace increases, $o
does ¢the value of the investment. The actual resale value that might be - - -
associated with a sunspace is partly dependent upon the structure of the real
estate market at the time of the resale. This, in turn, s a function of a great
muny things (some of them economic some of them not) and will not ». dealt with
at lenyth here.

The resale value will be affected in part by the deqgree to which un apprecia-
tion of the non-market benefits is shared by seller and buyer. When the sunspace
has been transformed into & greenhouse it has been changed from a room contain-
ing storage barrels and a double-glazed south wall to a lush, plunt-filled
11ving space or year-round vegetable garden, This transformation carries over
into the residence where the feel and smell of the air is changed by the muis-
ture and fragrance associated with the greenhouse. .. e e

For many ﬁeop1e the appeal of & greenhouse goes far beyond the heat {t may
supply to the house. The heat may, in fact, be a secondary rea<on fur meking
the investment. A greenhouse can be used to extend “he growing season and to
provide year round fresh vegevables. Certain EIe value this quite Righly.
For these types of buvers the resale va.ue wou d e QUite high and the seller .
recoups his entire first cost. Lo ' L)

The response of buyers to a retrofit greenhouee wil. not be consistent.
Sona parts of the country already appear to be centers of passive solar .
enthusiasm, In & place such as Davis, California, the resale value would be -
high; in other arcas there may be no resale value associated with a sunspace.
When a high degree of acceptance s encountered it 15 almost {mpossible to
segar;te the sunSpace affect (heat supp!y) from the greenhouse affact (amenity
GUQ. X . ‘e

Vo N



In exploring the impact of the resale parameter on the economic results,
three polar values--0%, 100%, and 200%--are used. This allows for a bracketing
of -easonable consumer expectations. A true minimum benefits analysis is
associated with the 0% resale scenario; this implies that none of the initial
or continuing cost is recovered when the home is sold. The 100% resale value
assumption or scenaric approaches a conventional benefits analysis where
individuals recoup their investment through the proceeds from the sale of the
home. There may very well be cases where greater than 100% resale value could
and will be experienced. This possibility is dealt with by the assumption of
a 200% resale value; in this case it is assumed that the owner recoups twice .
his initial investment when the home is sold. The results associated with these
three resale values serve to demonstrate the importance of the parameter.

Another aspect that will influence the attractiveness of the solar retrofit
is the availability of tax credits/rebates fcr the adoption of passive sola:w
designs. A federal law designed to give such tax credits has been proposed
several times, That part of the legislation was deleted from larger energy
bills before enactment. The Solai" Bank has become law but the inclusion of
passive designs must await formal rule making procedures from DOE and HUD.
Therefore, in the following analysis, no federal credits are assumed. Several
states do offer tax credits/rebates for passive designs. Although the model
used in this analysis does allow incorporatior of state level incentives, in-
adequate information necessitates that they also are not included as part of
the overall assessment presented in this paper. Incentives, of course, enhance
the solar investment. The greater the incentive, the greater the benefit to
the homeowner. The existence of federal and state iicentive packages could
ha:g : positive impact on the rate of retrofit adoption if their nature were
we nown. :

3.  METHODOLOGY
3.1 Design Desciiption

The specific sunspace cdesign evaluated in this paper is portrayed as
Figure 1 [3]. The sunspace has insulated end walls and ceiling. The south-
facing plane is double-glazed. The unit is 9 ft. (2.74m) high at the back wall,
11.5 ft. (3.52m) wide and 30 ft. (9.5m) long. The ceiling extends 4 ft. (1.23m)
out from the south wall of the residence. The night insulatinn (F3) 1s in place
from 5:00 PM to 8:00 AM. The thermal storage water containers extend th: full
length of the sunspace.

The sunspace unit {s attached to the south wall of a pre-existing 1536
square foot ranch style home. Heat is transferred to the residence almost
exclusively by thermocirculation through the vents. The wall of the residence
is presumed to be of wood frame construction with insulated walls; little if
any radiant heat {s transferred to the 1iving space. There are vents at the
top and bottom of the back wall with back draft dampers. The vents account
for approximately 6% of the back wall area. The thermal storage cantainers
are coupled to the sunspace floor and wall by radiation and convection. Heat
losses occur through the glazings, insulated ceiling and end walls, and from
infiltration with some perimeter losses.

The design cost has been estimated for owner-built and contractor-built
units. The costing procedure s detailed in Table 1.

The fixed cost components of the design under consideration are the two
{fnsulated end walls. The cost recorded for this element is a straight dollar
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TABLE 1
SUNSPACE DESIGN COST"

Owner- Contractor-
Elements Built Built
Fixed Cost Component
1. Insulated end walls $268 $487
Variable Cost Components
1. Glazing and framing $2.88/ft? $ 4.72/fF¢t2
2. Insulsted roof .42/Ft2 .83/ ft2
3. Slab .95/ ft2 1.90/ft2
4. Barrels (thermal
storage containers) 1.84/Ft2 2.30/ft2
5. Night insulation 1.50/¢¢2 2.00/ft2
Total Variable Cost $7.59/f2 $11.75/F2

* A1l variable cost cgm onents eported in dollars per square
of floor area ($/ft f§

cost. The variable cost components include glazing and framing (plus necessary
caulking), the insulated roof section, the concrete floor or slab, the metal
barrels used for thermal storage, and the night insulation. The variable costs
have beer translated from their unit prices into a "dollars per >quare foot of
floor area" (S/ftzf) cost. This is the more common way in which costs for
attached sunspaces and greennouses are expressed. (se of these cost component
figures results in contractor-built sunspace custs of $4541, and owner-built
system costs of $2887. These prices represent a national averaje. They are
modified by a region specific cost adiustment index [5] to yield a sunspace
cost for each of the 220 regions included in the analysis.

The cost figures reported in Table 1 were estimated from contractor and
builder supplied costs for each of the structural components of the sunspace.
The materials are all assumed tc he stondard sizes and to be readily available
throughout the country. The arithmetic relationship between the quantities of
each element necessary for the design and the total floor area of the design
was used to translate the sctual cost of each element into a cost per unit of
floor area.*

3.2 Methodelogical Detail

" The basis of the economic evaluation undertaken here is a comparison of the

* When the sunspace design costs reported in Table 1 are combined with region
coecific cost adjustment factors the resulting $/ft2, cost {s generally lower
thon those befng reported by contractors today. As the number of installed,
attached sunspace units increases, the co<t will rapidly approach the costs
used 1~ this study. Labor and materials estimates used here generally reflect
representative dollar costs for 1980.




costs involved in the use ¢f the attached sunspace and auxiliary heating systems
with that of a conveniional heating system in pre-existing residences throughout
the contiguous United States. Six types of information are used in the economic
analysis. Five are specific to each of the 220 regions examined. The sixth is
comprised of a set of general economic and design parameters shown in Table 2.
These parameter valu:s are, for the most part, consistent with previous evalua-
tions of solar potertial in residential applications [5, 6].

The actual analysis undertaken here differs from previous efforts in one
respect. This paper deals exclusively with the case of a sunspace retrofit
design. It is assumed that the solar retrofit is being financed through a
second mortgage.* The second mortgage terms used in the ensuing analysis are a
15% nominal interast rate with a 15 year loan period. Resale values of 0%, 100%,
and 200% are usec to examine the affect of this parameter on the total value of
the investment. It has been demonstrated eisewhere that the value of the solar
investment, as measured by discounted savings, increases as the resale propor-
tion or percent increases [7]. The use of three resale values in tais analysis
allows for specification of the impact of this effect on each of the regions.

The fue'! price data 1s used as the basis of the comparison between the con-
ventionally heated home and the home heated by attached sunspace and conventional
back-up. OUiscounted solar savings, the primary measure of economic competitive-
ness of the sunspace, is defined as the present worth of the difference between
the cost of these two types of home heating strategies over the period of
analysis. The primary cost of the conventionally heated home is fuel--ratural
gas and electricity; the primary costs of tne solar home are the initial sunspace
cos” and the back-up fuel cost. [t is obvious that both the present and future
fuel prices are an important piece of basic information. Maps 1 and 2 geograph-
ically portray 1980 natural gas and electricity nrices for the 220 regions.

Tne fuel price data has been collected from personal communication with the
utilitias [8]. Future year fuel costs are estimated using an escalation rate
for each fuel. At the present time equivalent uniform escalation rates are
used for each year of the period of analysis [ 9]. These rates are included as
part of Table 2.

Three other region specific types of inforamtion are used; these include
heat loss factors (expressed in Btu's per degree day per square fcot of
residence--Btu/DD/ftlres), heating deqree days, and design cost adjustment
factors. The heat loss factur is used as a measure of the thermal integrity of
the residence. It 1s based on our interpretation of [10] the National Conference
of States on Building Codes and Standards Model Code. This factor is a measure
of the maximum allowable heat loss from floors, walls and ceilings of the
residence. The heating degree days are used as a measure cf climatic severity
in heating load calculations. The design cost adjustment factors are used to
transform the sunspace cost from a national average (see Table 1) into a region
specific cost. These adjustment factors are based on Mean's Construction Cost
Data [11] for all regions.

The principle source of costs associated with the sunspace are the initial
ronstruction cost and the cost of the conventional (back-up) fuel. The largest
monetary benefit is the value of the conventional fuel displaced by the design.

As previously discussed, a home improvement loan 1s a second financing option
available to home owners. The terms, both interest rate and time period, are
usually less favorable than those for a second mortgage. Use of a home improve-
ment loan financing option, wuuld in fact, cvr~rade the recults reported in
Section 4. If the difference 1n financing \ (‘ons had been very slight, major
findings and conclusions would be unchanged.



TABLE 2
ECONOMIC AND DESIGN PARAMETERS

Economic Parameters for Retrofit Sunspace Analvsis

Loan Interest Rate (Nominal) 15 %

Discount Rate (Real) 3.5%

Down Payment 0 %

Property Tax Rate 2 %

Federal, State, Local Income Tax Bracket 25 %

Resale Value or Rate 0%, 100%, 200%
Annual Inflation Rate 8 %

Fuel Price Escalation Rates (Real)

Natural Gas 3.6%
Electricity 1.4%
Loan Period 15 years
Period of Analysis 15 years

Desigrn Parameters for Attached Sunspace

Length 30 feet
t2ight at back wa'l 9 feet
Width 11.5 feet
Floor area 345 sq. ft.
Effective collector area 270 sq. ft.
Glazing plane tilt from horizrntal 500

Room temperature control range 659F-759F
Sunspace temperature control range 450F -950F
Thermal resistance of night insulation R9

The value of the displaced fuel is caiculated by applying the region's fuel
price to the amount of fuel displaced. For those years beyond year one (1980)
this value is calculated by using fuel specific escalation rates. Secondary
costs include interest payments, property taxes incurred because of the pres-
ence of the sunspace, and maintenance costs. Property tax and interest charge
income tax deductions are secondary benefits, The details of the methodology
used in the analysis can be found in [12].

The Los Alamos/UNM EASE III model combines sunspace performance estimat.s
with the besic data inputs in a variant of life cycle costing to evaluate the
economic performance of the design. Four aspects of the design must be care-
fully analyzed to make such an evaluation--the heat displacement capability of
the design, the heating load of the home without its solar component, the cost
of the design, and the cost of the conventional fuel alternative. The heat
displacement capability of the attached sunspace is embodied in the solar sav-
ings fraction (SSF). This defines the proportion of the home's heating load
winich can be supplied by the sunspace. The SSF is calculated from performance
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estimates made else.here by McFarland and Jones [3]). These estimates are pro-
vided as solar load to collector area ratios (LCR's) and are used in conjunction
with region specific heat loss factors and residance design specifications to
calculate the projected collector area reguirement for a range of solar fractions.
The projected collector area of the specific design (270 sq. ft.) analyzed here

is then used to identify, by interpoiation, the SSF fur each region.

The solar savings fraction is then combined with the home heating load to
calculate the energy savings in millions of Btu(M’Rtu) per year associated with
the retrofit{ sunspace, The home heating load is calculated as the sum of the -
Joad other than the south * all load and the load on the south wall. This sum-=
represents the total Btu heating requirement of the residence under considera-
tion. The solar savings fraction represents the proport.on of this heating
load which is provided by the sunspace. The value of the fuel which 1s displaced
is the basis of the economic evaluation.

The primary measure of the benefits derived from the use of the sunspace
design is the discounted solar savings (also known as net present value). It
is defined as the present value of the difference between heating a home with
conventigna] fuel and heating the same home with the sunspace and back-up
systems.

The costs of the attached sunspace design and the cost of the conventioral
fuel alterma*ive are expressed as dollars per unit of energy figures ($/MMBtu).
The design's energy cost is the sum of the one-time and recurring sunspace
costs and back-up system costs over the 15 year period of analysis. This is
then annualized into equal yearly payments. The conventional alternative cost -
is also annualized over 15 years, These measures are then used to calculate
- the net present value of the design as follows: .- : :

. (AFP - DCH) * HHL

NPV CRE
where: o
AFP = cost of conventional fuel annualized over 15 years ($/MMBtu)

, DCH = cost of combined sunspace and back-up systems annualized over
T 15 years (§/MMBtW) L ‘

- .. ™ive - P - - = . PR

_HHL = home heating load (MMBtu)

CRF } capital recovery factor .- . - --

4 RESULTS Tt T v oen | o
e The resuﬁiﬁnpresented here include a serfes of intermediate calculations
used in the life cycle costing procedure and discounted solar savings for 2207 -
regions in the contiguous United States. Twelve combinations of sunspace construce-
tion options, resale values, and alternative fuel types were analyzed (Table 3).

- L .

The cost of the traditfonal furnace has been excluded from the heating costs
of the conventional and "solar-assisted" homes. While this exclusfon may affect
S the numerical results in new home analysis, general findings and conclusions
e aren't affected, In an analysis of retrofit applications the homeowner probably

wouldn't ccasider changing his conventional home heating system simultaneously

with his consideratfon of solar retrofit, In Yight of this consideration, :
exclusion of furnace costs ara not {nappropriate.



TABLE 3

CASES INCLUDED FOR ANALYSIS
(A11 Combirations)

Resale Values 0%, 1002, 200%

Owner-Built,

Construction QOptions Contractor-Built

Natural Gas,

Alternative Fuels Electric Resistance

Full tabular results are included as Table 1 through 3 in the Appendix. Selected
mapped results are presented in this section. The in..rmediate calculations are
presented to aid in understanding the physical performance of the design and the
relationship between the physical performance and the ecoromic performance. Map
3 shows the reference home heating load for each ragion. The heating loads range
from 4 mitlion Btu (MMBtu) in Miami, Florida, to 99 MMBtu in Internationail Falls.
Minnesota. The heating load is a general indicator of climatic severity. Homes
in coastal locations have lower loads than those of like latitude interior
locations. This is in part'a function of the moderating influence of water.
Regions in Northern Mid-America have the highest heating loads 1n the United
States. This area occupies a mid-continental position and experiences severe
winter conditions. The rorthern Rocky Mourtain area als¢ exhibits very high
heatirg loads. The lowest loads are experienced by low elevations, low latitudes
such as the lower Mississippi Valley, the Gulf Coast and the lower Southwestern
desert areas.

Map 4 portrays tie solar savings fraction (SSF) associated with the fixed
dimension sunsoace design defined in Section 3.2. The solar savings fraction
represents the propcrtion of the home heating load which Is offset by the fixed
dimension sunspace design. The SSF ranges from a high 95% for West raim Beach
and Miami, Florida, to a low of 22% for Vermont, three regions in New York, and
Houghton, Michigan., The extreme SSF values are not always associated with the
extreme values of home heating loads. While International Falls does have the
highest home heating load it does not have the lowest SSF. The climatic factors
which result in excessive heating demands are not identical with those which
1imit the performance of the sunspace. This difference is primarily related to
the incidence of overcast days and, thus, the availability of sunshine.

Map 5 geographically portrays the result of combining Maps 3 and 4. The
total energy savings (expressed in MMBtu) associated with the sunspace design 1s
simply the product of the reference home heating load and the per home energy
saving potential for each region. The greatest energy savings will be experi-
enced in the Internountain West, regions of Utah, Nevada, Colorado and New Mexico.
These regions exhibit moderate to moderately high heating loads and moderately
high solar savings fractions. These areas do have severe winters but are typi-
fied by a high percentage of available sunshine in the winter. This combination
of attributes results in a high energy saving potent.al. The areas with the
hi?hest SSF values do not have very high heating 1cads. These arcas have 2
fairly small energy saving potential,

Mips 6 and 7 portray the €irst year (1980) dollar value of the ronventional
energy saved by the retrofit sunspace design when natural gas and electricity,
respectively, are used as an alternative (back-up) fuel. This is one important
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measure of the economic performance of the sunspace design. The dollar value
figures contained in Maps 6 and 7 are the product of the total energy savings
(MMBtu) and the price of the fuel ($/MMBtu equivalent). The regional fuel
prices were previously displayed as Maps 1 and 2. While this dollar value of
the energy saved figure is equivalent to the first year savings, it is fairly
inaicative of the level of total discounted savings which could be achieved
over the period of analysis.

Regions with Tow fuel prices will have low dollar value figures regardless
of the physical performance of the design. For example; Atlanta, Georgia, has
a SSF of 49% and a total energy savings of 22 MMBtu. Natural gas prices are
low and the dollar value of that 22 MMBtu in the first year is only $69. The
dollar value of the same amount of displaced energy in Chicago is $262. The
SSF in Chicago is only 29% and yet the value is almost three times higher. The
physical performance of the design is not a good indicator of the sunspace's
economic performance. In general, the regions demonstrating the best economic
performance have moderate to high levels of fuel displaced and high fuel prices.

The West and Pacific Northwest generally have high natural gas prices;
this is reflected in high dollar value figures against natural gas in most
pcrtions of these broad areas. Maryland, Massachusetts, and I11inois also tend
to have very high natural gas orices. Because the cost of the fuel tends to
dominate the physical performance of the design, regions with mediocra physical
perfcrmance and very expensive fuels show good economic performance.

Electricity prices are always higher per unit of energy ($/MMBtu) thaa
natural gas prices. Regions in the state of Washington are the only exceptions
to this rule. Thics means that the dollay value of energy saved is always greater
(with noted exceptions) when the conventional alternative is electric resistance
than 1t is when natural gas is the alternative fuel. Electricity prices are
more a function of individual utility rate structures than are natural gas prices.
This results 1n a less well defined nationwide pattern of dollar value saved
against electricity than against natural gas. This leads to a situation where
nearly identical total energy savings for two adjacent regions results in very
different dollar values for that energy. For example, New York City and Messena,
New York experience 19.5 MMBtu and 19.6 MMBtu savings with this retrofit design.
The dollar value of that level of energy saving against electricity is $609 in
New Yor: City and only $260 in Messena. The patterns of 1980 dollar value of
displaced energy closely approximates the patterns seen on the fuel price maps
(Maps 1 and 2).

Discounted solar savings for both owner-built and contractor-built sunspace
against the natural gas and electric resistance alternatives are displayed on
Maps 8 through 11. A 100% resale value is aysumed for all four maps. The more
expensive contractor-built design ($11,75/ft€ of floor area variable cost) doesn't
fare as well as the owner-built design ($7.50/ft2 of floor area). When the
alternative fuel is electricity, the more expensive of the two fuels, the
differences are primarily between levels of solar savings and not between a
presence or absence of positive savings. In the case of the contiactor-built
design fewer than twenty regions exhibit a negative saving characteristic. These
are primarily in the Pacific Northwest, Florida and Tennessee; these specific
areas have unusually inexpensive electricity. Only four regions exhibit large
(-$1000 or more) negative savings for the owner-built design--Miami and West
Palm Beach, Florida, Springfield, Missouri and Seattle-Tacoma, Washington.

The differences are more striking in the case of the natural gas conventional
alternative. Less than 50 regions exhibit positive savings for the contractor-
built sunspace; these are primarily located in the West. The owner-built design
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is feasible in more than 120 regfons. It should be noted that many regions are
fairly close to a positive savings level for the owner-built sunspace. Slightly
higher fuel prices or slightly lower solar costs would be enough to push these
regions to & positive position. Many of the regions in which the sunspace
design can compete against naturai gas today are in the West. This is indica-
tive of the dominance of the natural gas pricing structure on the results of
this analysis. Regfons with very high levels of discounted solar savings (Map
8 through 11) are the same regions with moderate to high levels of displaced
fuel (Map 5) and high fuel prices (Maps | ard 2). The nationwide pattern of
discounted solar savings mirrors the pzttern of the dollar value of energy
savings (Maps 6 and 7).

The effect o7 varying the resale value from 0% to 200% 1s quite dramatic
Figure 2 shows the discounted solar savings experienced in three locations for
the owner-built sunspace design against a natural gas conventional alternative.
The difficulty of empirically addressing this parameter has been examined else-
where [7]. The resale value of a retrofit sunspace varies from region to region,
making the job of fdentifying the increase in sale valuc of the home which is
attributable to the design a tedious and difficult task. It is necessary to
make some assessment of the real resale value that may be associated with the
retrofil sunspace design before definitive statements can be made about the
overall economic feasibility of such a design.

The changes in the nationwide patte.n of discounted sular savings #ith
varfation of the resale parameter ar~ impressive. Less than 7% regions have
pcsitive discounted solar savings for the contractor-built sunspace with an
electric res’'stance back-up at the 0% resale value. When 200% resale value is
assumed, 210 regions have positive discounted solar savings. This cc™ rison
can be made by examining Table 2 and 3 1n the Appandix. Discounted r .ar sav-
ings are displayed for all three resale values in these tabies.

$5000 Santa Maria, California
g
>
& $4000
. Albuquerque, Mew Mexico
S $3000 adison, Wisconsin
«°
o
€ $2000
o
a
e $1000
0% 100% 200%
Re~ale Value
Figure 2

Discounted Solar Savings Under Various Resale Value Assumptions



5. CONCLUSIONS

+ The physical performance of the fixed dimension retrofit sunspace is
best in the areas of the Intermountain West whicn liave fairly high heat-
ing loads and high levels of svailable sunshina,

e Regioncl fuel price levels tend to dominate the outcome of the economic
anylysis. Regions with high fuel prices show good economic performance
even {f the physical performance of the sunspace {s no* particularly
guod.

* The resale vaiue of the retrofit sunspace design is an extremely
important parameter. The results presented here should be used as
Tower (0%), middle (100%), and upper bounds (200%) of the final appraisa’
of the design. The 100% resale assumption represents owner recovery
of initial costs.

» The owner-built design offers the homeowner ample opportunity to recoup
his first cost and maximize savings.

« The surspace design has a high potential for part’slly offsetting the
residential space heating demands of the nations' older homes.
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SUNSPACE PERFURMANCE CHARACTERISTICS

TABLE 1:
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Table 1 (continued)
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ECONOMIC INDICATORS FOR OWNER-BUILT SURSPACE

TABLE 2:
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NPVG - Net present value of the design when natural gas s the conventior.al

fuel alternative.

NPVE - Net present value of the design when electric resistance {s the con-

ventional fuel alternative.

Economic indicators are detailed in the text.
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Teble 2 (continued)
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Table 3 (continued)

w
>
— Q
o
SN
)
(= 4
3R
%w

a,
~NZ

w
v >
—a
o
g
QO
o
R
o3
o
—_—a

P

w

P
[T 9
— Z
(30 ]
v
s}
[
aR
o

NP VG

g «

—r Z
STTNT T
—ef O a
Q00U >
ar—Dg«
Odqarywv

-1392.
-3626.
-Gli/.

-2709.
-3‘0060
-23cle.

OJ

=Ll
Uip—
Ni=o
O— 0
XoOowo
amya

e @ ®
PITaTT.Y
NN
oM
ma$m

e« @
oNO
~“~7rD
MmN
alat T

e o @
noerNy
~r~—n
(-] ¥

e & o
LS ge )
OO~
L e

e 0 0
4N

-1l841.

-44 00,
-4301.

V-
(@ JVN e
[ o T ]

MM' LW

[l g
- 7
awv .
gD e
EOQHunN

—0
w2 «
g d -
(VPEv L
wAIAWIT
= Yo TE - NV
[lwlelel]
ZQUOkX
™1

22\

cCQu

[ ol ool
b X Pe 1 hade J
¥ ZZWN
() re bttt
D2>2x2D
= Cwo
SO
w

x

e ¢ © o
NPT
o~ 0
QV o™
el Laly

o ® o0
[TaYe X L
rOA)
NN ™
ool =l g =4

o ® o @
[33Ta1 22" 4
O-Irr~
Lol @l )
[ 4 ol

oo e o
NN O
Mmf-a -
—t—t " -
O =t ot s

o ® e 0
M~ O~
[- ] R TTyY
NN D
O~
[ A |

e ® 9 ©
—_NmD
-~
o 1 o d
[Ta TR Jaa )
1y 11

w
wwo»
(&I pg o)
Dot
CIwo

ST JO.
T Vxw
o> O>
=W )
Vi XL
(S X 41Th s
JadIv
Q

-l

® 4 e
o= O™
ro.e
Caen
LT

)
N O
D In
o~ O
ot ot g

-

o O«
fqn Y o P |
Ot
wZoo
L9110
—nJa

-

b -X -4
xena
«

-26139.

-236‘00

VUWEZZ(HI>
) e D Dt
T ow yx Qe
VLIDOULOTI V-
—

a



Table 3 (continued)
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Table 3 (continued)

200% Resale
NPVE

NP ¥G

100% Resale
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NPVG
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